Summary
Introduction
Writer's cramp is now widely regarded as an action-induced impaired activation of motor executive areas, namely the caudal supplementary motor area (SMA) and sensorimotor dystonia. It may be task specific, i.e. patients are affected only on writing and this form is described as simple writer's cortex (Ceballos-Baumann et al., 1995a) . In the light of this, we postulated that the pathology of idiopathic dystonia may cramp. If the involuntary muscle spasms also interfere with other actions, the writer's cramp becomes a manifestation of directly affect both basal ganglia and the motor executive areas, disinhibiting function of the former and inhibiting focal arm dystonia (Marsden and Sheehy, 1990) .
H 2 15 O-PET activation studies provide a non-invasive function of the latter. This could explain the involuntary posturing and bradykinesia known to be present in dystonia. method of studying activity in central motor pathways during writer's cramp. Two previous PET studies from our group, We also studied cerebral activation in ITD associated with imagination of such joystick movements. Our ITD patients one on idiopathic torsion dystonia (ITD) and the other on acquired hemidystonia, have reported activation findings showed a similar activation pattern to that in control subjects suggesting that their ability to plan and prepare movements while patients performed joystick movements in freely selected directions which were paced by a tone (Ceballosis preserved and that the main dysfunction in ITD lies within the motor executive system (Ceballos- Baumann et al., 1994) . Baumann et al., 1995a, b) . Both studies revealed an increase in activation of the rostral premotor areas and prefrontal By 'motor executive system' we mean those cortical areas that have been specifically shown to have a level of activity cortex but our ITD patients also showed concommitant related to the force, velocity and frequency of movement in clinically. All control subjects and patients underwent technically satisfactory baseline PET scans. Five out of the PET and non-human primate electrophysiology studies and which are not primarily associated with motor planning six writer's cramp patients benefited from botulinum-toxin injections. Patient 4 declined to come back for the post- (Matsuzaka et al., 1992; Jenkins et al., 1994; Dettmers et al., 1995; Stephan et al., 1995) . These areas include the primary injection scan due to his disappointment with the effect of botulinum toxin (after two previously successful injection motor cortex and caudal SMA, but not the rostral SMA or prefrontal areas.
sessions) as it resulted in a temporary, but significant paresis of the right hand. The remaining five patients had technically In order to define the nature of the abnormality in idiopathic dystonia within the executive system more closely, we have satisfactory follow-up scans after 4 Ϯ 1.2 (range 2-5) weeks after botulinum-toxin injections when clinical benefit was now designed a more demanding motor paradigm in which dystonia is induced by an automatic and overlearned task apparent. There was improvement in the script of Patients 1 (Fig. 1) , 2, 5 and 6 according to script-samples assessed by (continuous stereotyped writing) and then relieved by inducing selective muscle weakness with botulinum-toxin a 'blinded' colleague before and after botulinum toxin. All five patients benefited in their writing according to their selfinjections. We postulated that if the impaired activation of sensorimotor cortex, evident in ITD both during a passive rated percent of normal writing function before and when they were rescanned after botulinum toxin (Table 1) . sensory activation paradigm (vibrotactile stimulation) (Tempel and Perlmutter, 1993) and during freely chosen All subjects gave informed written consent according to the declaration of Helsinki. The studies were approved by movements (Ceballos-Baumann et al., 1995a) is part of the primary pathology, it will also be apparent in writer's cramp the Hammersmith Hospital Ethics Committee, and permission to administer a radioactive substance was obtained from the patients when writing and will not be altered by clinical effective botulinum-toxin treatment. Furthermore, we were Administration of Radioactive Substances Advisory Committee of the Department of Health, UK. interested to see whether the temporary weakness induced by botulinum toxin is associated with reorganization of cortical blood flow as has been demonstrated in traumatic amputees (Kew et al., 1994) . Hence, the purpose of our study
Conditions
All subjects underwent eight sequential regional cerebral was twofold: (i) to confirm the pattern of activation that we previously reported with ITD; (ii) to examine the functional blood flow (rCBF) scans with H 2 15 O in a single scanning session. The light was dimmed and the background noise effects of botulinum toxin when clinically effective.
consisted of the fans of the electronic equipment. Changes in rCBF were used as an index of the regional cerebral synaptic activity. Four scans were performed for each of two
Material and methods
experimental conditions: condition A was rest, condition B was continuously writing the three letter word 'dog'.
Patient selection
We studied six right handed patients (two female and four Experimental conditions were arranged in the following order: ABBABAAB. Subjects were paced by a tone so that male, see Table 1 ) with writer's cramp (mean age 53 Ϯ 10.6 years, range 35-66 years), five of them twice (before and they wrote the word 'dog' every 4 s. Writing the stereotyped word at this rate ensured continuous script. after botulinum toxin), and six healthy right handed control subjects (one female and five male, mean age 47 Ϯ 12.8
During the rest condition subjects were asked to relax with their arms and hands in the most comfortable position years, range 35-69 years). Patient 3 was taking sulphasalazine to control ulcerative colitis, while Patient 5 and Control 5 possible. They were told beforehand that they would be hearing tones every 4 s and were instructed not to react. were taking thyroxine and oestrogen replacement therapy, respectively. Control 6 was taking allopurinol to control gout.
All subjects were closely observed by two light-enhancing video monitors and in the scanning room by one of us The remaining patients and control subjects were free of medication. Medication was not changed between the PET (A.O.C.-B.). The writing was videoaped to assess the severity of dystonic posturing. studies before and after botulinum-toxin treatment. Inclusion criteria for patients were as follows: (i) the presence of Subjects had a 40ϫ40 cm 2 board with a paper roll suspended above their thorax as they lay supine. The board adult-onset writer's cramp without evidence of widespread dystonia; (ii) a previous good response to botulinum-toxin was angled in the most comfortable position for the subject emulating as far as possible his/her physiological writing injections or, if botulinum toxin naive, likelihood of a good response.; (iii) a time interval of ജ3 months since previous position. Writing was performed with a Papermate® fibretip pen. Subjects were instructed to write in the dark with their botulinum-toxin treatment; (iv) no remaining weakness since previous botulinum-toxin treatment; (v) the ability to perform eyes closed. A plastic surround helped the subject to assess the writing space available in the semidarkness. Subjects the activation task without arrests and without head movement when continiously writing.; (vi) no neuroleptic treatment were allowed to write words on top of each other, though this occurred only exceptionally. In practice, all subjects were during or between the time of the studies. The writer's cramp patients were videotaped and assessed able to write fluently in a supine position while in darkness. Fig. 1 . All symptoms and target muscles for BOTX treatment were on the right side.
Subjects had at least 2 trials of 100 s of writing while sinograms between any pair of opposing detectors, resulting in a total of 256 sinograms (Bailey et al., 1991) . positioned in the scanner, so that they felt confident with the paradigm prior to scanning. They were trained to write A 20-min transmission scan using rotating rods of 68e/ 68a was performed for attenuation correction with the septa continuously and to adapt their writing speed to the cueing tones. All subjects wrote in lines (less than four) during the in place. 2-D blank and transmission scans (septa extended) were used to reconstruct a 3-D attenuation map. Oblique 100 s task and all writer's cramp patients developed dystonia.
lines of coincidence for which the attenuation correctionfactor had not been measured were obtained by forward projection through the 3-D map (Townsend et al., 1991) .
Data acquisition
A slow bolus technique was used (Silbersweig et al., 1993) ; After a 30-s delay, emission data were acquired in a 90-s frame, beginning 0-5 s before the rising phase of the head 15 mCi of H 2 15 O in 3 ml of normal saline was loaded into intravenous tubing (25 gauge) attached to a cannula in the curve. The head curve recorded the whole brain net true count rate over time. The attenuation-corrected emission data left antecubital vein. This was then flushed into the subject over 20 s by an automatic pump at a rate of 10 ml/min.
were reconstructed as 31 axial planes by filtered back projection with a Hanning filter of 0.5 c/pixel, giving a Scanning commenced 0-5 s before onset of rise in head counts (30-45 s after initiation of the slow bolus) and the reconstructed transaxial resolution of 8.5 mm full width at half maximum. The reconstructed images contained 128ϫ128 time from rise to peak count rate was 30-40 s, depending on the individual circulation time. Scanning lasted 90 s. The pixels, each measuring 2.09ϫ2.09 mm. pacing tones commenced 10 s before actual scanning for both the resting and activated states. The interval between successive H 2 15 O administrations was 10 min. The measure-
Image transformation
All calculations and image manipulations were carried out ment of regional brain radioactivity was carried out by scanning the brain with a PET scanner (953-B, Siemenswith Sun SPARC 2 computers (Sun Computers Europe Inc., Surrey, UK) using Analyze version 6.0 image display software CTI, Knoxville, Tenn., USA) with the interplane septa retracted (Spinks et al., 1992) . This scanner utilizes block-(BRU, Mayo Foundation) (Robb and Hanson, 1991) and PRO MATLAB (MathWorks, Inc., Natick, Mass., USA). technology detectors and contains 16 individual rings, each 6.5 mm thick axially, resulting in a total of 31 measured Statistical maps of significant blood-flow change were then derived using statistical parametric mapping (SPM) softplanes (direct and cross) covering an axial field of view of 10.65 cm. In 3-D mode, the scanner is able to acquire ware (MRC Cyclotron Unit, London, UK). The 31 contiguous analysis of covariance (Friston et al., 1990) and images were scaled to a global mean rCBF of 50 ml/100ml/min. Normalized (or relative) mean rCBF values and the associated variance of such normalized mean rCBF values across conditions were determined for each pixel in the 3-D data set.
To determine the volumes of significant activity elicited in the brain by the motor task within groups, the t statistic was applied to the mean normalized rCBF values obtained for each voxel for the four rest and four motor states. This generated a SPM{t} of significant normalized rCBF changes associated with the motor task. In such an SPM{t}, those voxels whose significance values exceed a defined threshold are displayed in three orthogonal projections. The level of the threshold is set to correct for the effective number of independent tests constituting the SPM, which is less than the actual number of voxels because neighbouring voxels are not truly independent, due to applied smoothing (Friston et al., 1991) . The stereotactic coordinates of the most significant sites of change were determined and correlated with the stereotactic atlas (Talairach and Tournoux, 1988) . The voxels showing maximally significant motor task activation were used to estimate the change in normalized rCBF due to smoothing: such normalized rCBF changes corresponded to spherical regions of~15 mm in diameter centred on the chosen coordinates.
We carried out a statistical analysis within and between groups. For the former we calculated SPMs comparing writing with rest, for the latter we calculated SPMs showing regions where normalized rCBF changes between the resting and the activated state were significantly different in writer's cramp patients compared with control subjects at a threshold of omnibus P Ͻ 0.001. Phantom studies suggest this threshold avoids false positives (Bailey et al., 1991) . In this last analysis, the between-group comparison tests for differences, in both amplitude and extent of activation, between the two voxels where little activation occurred in one group and significant activation occurred in the other. This analysis 3.5 mm scan slices were interpolated to 43 planes. To correct explicitly tests for the interaction term reflecting a group for any head movement between scans, all head images were difference in the normalized rCBF activations (Weiller et al. , aligned on a voxel-by-voxel basis using a 3-D automated 1992; Kew et al., 1993; Ceballos-Baumann et al., 1995a, b) . image registration algorithm (AIR) (Woods et al., 1992) .
To facilitate group analysis, the intercommissural (AC-PC) line was identified (Friston et al., 1989) and the volume Results transformed into standard stereotactic space (Talairach and Tournoux, 1988) . The stereotactically normalized images Task performance contained 26 planes of 2ϫ2ϫ4 mm voxels corresponding to Monitoring during the scan, and counting the number of the horizontal sections in the Talairach-atlas. Each image times the word 'dog' had been written on the paper in relation was smoothed with a Gaussian filter of 10ϫ10ϫ6 mm to to the number of the pacing tones, showed that all writer's increase the signal-to-noise ratio.
cramp patients and control subjects wrote the word 'dog' with Ͻ5% omissions. The size of the script and the number of lines used for writing during the 100 s of writing (3-5 lines) was not different for the two groups. Study of the
Statistical analysis
We used SPM for data analysis (Friston and Frackowiak, video-tape recordings during writing showed that the time spent writing and initial writing posture was also similar in 1991). The effect of variance in global on focal cerebral 15 Oactivity at rest and on activation was removed following an both groups. There was no evidence that normal volunteers spent more time waiting for cues than patients. Patients did bilaterally: mesial midbrain, lentiform nuclei, thalamus and cerebellar vermis. The bilateral activation effects were more not conspiciously raise their arm from the writing surface or interrupt their writing. However, Patients 1 and 2 used robust and extensive on the contralateral side with the exception of the DPFC, area 37 in the temporal lobe and excessive force to write and in all patients mild dystonic posturing was observed, most conspiciously in Patient 5 in cerebellar vermis. whom curling in of fingers III, IV and V occurred.
Global activity Extent of PET images
A t test demonstrated no significant difference in mean global The images common to all subjects extended axially from cerebral H 2 15 O uptake between the writer's cramp and control 20 mm below to 68 mm above the intercommissural line.
groups when comparing activated and resting states. This field of view included both the superior cerebellum and SMA.
Between-group comparison of resting values
No significant differences were found when the distribution
Activation effects of paced, continuous
of resting values of H 2 15 O uptake were compared before stereotyped writing versus rest (Table 2) treatment between the groups (P Ͻ 0.001). In the frontal lobe, the following areas were significantly activated by the writing task: left sensorimotor cortex and bilateral lateral premotor cortex, rostral and caudal SMA,
Between-group comparison of activation effects
dorsal prefrontal cortex (DPFC), anterior cingulate cortex (Table 3, Figs 2 and 3) (area 24/32) and anterior insula spreading to lower premotor
Comparison of writer's cramp patients with
cortex. In the parietal lobe, the following areas were significantly activated bilaterally: parietal association cortex (area control subjects before botulinum toxin Compared with control subjects, the writer's cramp patients 40) and mesial parietal cortex (area 5/7). In the temporal lobe there was significant bilateral activation in area 37. The showed enhanced activation while writing in the following areas: ipsilateral lateral premotor cortex, lower premotorfollowing subcortical structures were significantly activated insular cortex, superior mesial parietal, contralateral areas: mesial parietal area 7, contralateral parietal, primary sensory cortex/area 40, contralateral caudal SMA, and parietooccipital and parietal cortex (primary sensory cortex/ area 40) and vermis. At a lower threshold of omnibus ipsilateral anterior insula and thalamus. After treatment patients showed reduced activation of P Ͻ 0.01 (not in the table), enhanced activation for the writer's cramp patients was also seen in the DPFC, contralateral lateral anterior cingulate, vermis and right cerebellar hemisphere. premotor, anterior cingulate and rostral SMA (mesial area 6).
Compared with control subjects, the writer's cramp patients showed impaired activation of contralateral primary motor
Discussion
In our study, comparing a group of writer's cramp patients cortex, caudal SMA, mesial prefrontal, anterior cingulate, mesial parietal cortex (area 7/5) and thalamus. The main area before and after botulinum-toxin injections with control subjects there were three main findings when the activation of primary motor cortex impaired activation was located over the hand area of the precentral gyrus and extended towards effects due to writing were contrasted with rest. First, impaired activation of primary motor cortex was found in the premotor cortex rather then posteriorly.
writer's cramp. Secondly, comparing the patient group before and after botulinum toxin, this treatment resulted in enhanced activation of parietal cortex and motor accessory areas, but
Comparison of writer's cramp patients with
failed to normalize the impaired activation of primary motor control subjects after botulinum toxin (Table 4) cortex. Thirdly, frontal association areas and parietal The botulinum toxin treated writer's cramp patients showed association areas showed greater activation in writer's cramp greater activation compared with control subjects, while patients than normal control subjects. writing, in contralateral insula and inferior premotor cortex, ipsilateral inferior premotor cortex, bilateral parietal cortex (area 40/primary sensory cortex) and ipsilateral posterior
Comparison of activation in writer's cramp
parietal, contralateral parieto-occipital cortex and ipsilateral thalamus. At omnibus P Ͻ 0.01 no increased activation of patients with idiopathic torsion dystonia (ITD) rostral SMA and DPFC was evident.
and acquired hemidystonia
Impaired activation compared with control subjects was In a previous study on patients with ITD (Ceballos-Baumann detected in contralateral primary motor cortex, mesial et al., 1995a) we reported underactivity of motor executive prefrontal and ipsilateral temporal cortex 21/37. areas (caudal SMA and primary sensorimotor cortex) and overactivity of the striatum and its frontal association projection areas on joystick movement in freely selected
Comparison of writer's cramp patients before
directions paced by a tone (Ceballos- Baumann et al., 1995a) . In a second study on patients with acquired hemidystonia and after botulinum-toxin treatment (Table 5) After botulinum-toxin treatment patients showed enhanced patients we also demonstrated overactivity of premotor cortex, DPFC, rostral SMA, anterior cingulate and insula on activation compared with before treatment in the following Fig. 2 Comparison of differences in levels of activation between six patients with writer's cramp before and five after botulinum-toxin treament (BOTX) versus six normal control subjects during paced stereotyped writing. The results have been displayed as statistical maps in three projections: coronal, saggital, and transverse according the stereotactic space of the atlas of Talairach et Tournoux, 1988 . The black areas show all voxels with statistically significant enhanced (overactivity) and impaired (underactivity) activation in the writer's cramp group before and after botulinum-toxin treatment compared with the control group above an omnibus threshold of P Ͻ 0.001. Areas showing no significant change are white. Each pixel in the whole-brain data set is displayed along the line of sight onto each of the three projections. In order to locate the position of a voxel, its position should be compared in each of the three different projections. Note the expansion of the parietal cortex overactivity (mainly area 40/S1) after succesful botulinum-toxin therapy and the unaltered focus of underactivity in M1.
anterior cingulate cortex, premotor cortex and SMA more pronounced on the left side, parietal cortex, the contralateral sensorimotor cortex, both insulae, thalami, basal ganglia and vermis. During the joystick task, subjects could freely 'think' for~2 s about which of the four possible directions they would select when they moved the joystick once they heard the pacing tone (every 3 s) and then execute the movement as swiftly as possible. The executive component occupied only around 15% of the scanning time. In our present study we wished to focus on the executive motor system by keeping the task automatic and avoiding pauses in motor output.
The more demanding executive character of our writing task led to more evident impairment of activation in the primary motor cortex when writer's cramp as opposed to ITD patients were compared with control subjects. The underactivity of motor cortex in idiopathic dystonia has now been described in three different studies using different activation paradigms Perlmutter, 1990, 1993; Ceballos-Baumann et al., 1995a) . It was described in two studies where sensory pathways were activated with vibrotactile stimulation in patients with idiopathic dystonia and subsequently with writer's cramp Perlmutter, 1990, 1993) . These authors interpreted the underactivity as evidence of altered processing of afferent information in dystonia. The underactivity in the primary motor cortex in our writer's cramp cases was not significantly altered by clinically effective botulinum-toxin injections when patients part, upon our previously reported PET imaging findings in dystonia when assessing the importance of the alterations seen in our study. movement (Ceballos-Baumann et al., 1995b) but, in contrast to patients with ITD, the patients with acquired hemidystonia
It cannot be excluded that the reduced level of motor-cortex activation in writer's cramp represents an epiphenomenon of showed overactivity, rather than underactivity, of primary motor cortex. As the acquired hemidystonia patients had dystonic posturing. As dystonia was abolished after botulinum toxin however, one would then expect any such isolated structural basal ganglia or thalamic lesions we concluded that their involuntary posturing was due to epiphenomenon to resolve, but it did not. Additionally, reduced motor-cortex activation was not seen in acquired secondary downstream release of cortical association areas whereas in ITD the motor executive cortex appeared to be dystonia due to basal ganglia lesions (Ceballos-Baumann et al., 1995b) . For this reason, we would favour regarding inhibited by the primary pathology.
In those studies the paradigm involved moving a joystick the failure of primary motor-cortex activation to recover after successful botulinum-toxin therapy as representing a primary in freely selected directions and so required motor decision making, preparation and execution. In our current study we deficit in idiopathic dystonia. Interestingly, caudal SMA activation responded to botulinum toxin and so one possibility examined stereotyped writing which we regard as a complex but automatic and overlearned motor task requiring no is that raised SMA activity may drive the motor improvement following this treatment. decision making. Stereotyped writing showed pronounced activation effects on the motor system with robust responses Reduced motor cortex activation in ITD is in accord with electrophysiological data: Deuschl et al. (1995) , studying in bilateral dorsal prefrontal areas, right more than left, patients with writer's cramp found an attenuation of the late projections from the premotor cortex and motor cortex to the spinal cord. phase of the anticipation (Bereitschaft) potential prior to movement and suggested a deficiency of contralateral motor
The overactivity of prefrontal association areas was less conspicuous than in the studies using freely selected joystick cortex activation just prior to the initiation of voluntary movements in patients with focal dystonia. The underactivity movements as a paradigm. We assume that the predominantly executive, automatic and overlearned task that was our of motor cortex demonstrated with PET reflects synaptic underactivity and so could represent reduced or defective writing paradigm led to an attenuation of the extent of the premotor and prefrontal abnormalities seen in the previous activity in either excitatory or inhibitory intrinsic interneurons. Alternatively, it could represent decreased studies on dystonia. However, at a lower threshold (omnibus P Ͻ 0.01) our initial hypothesis that writer's cramp patients, excitatory or decreased inhibitory afferent input from SMA. As transcranial magnetic stimulation has suggested increased like ITD cases, would show enhanced activation of lateral premotor cortex (before and after botulinum toxin), and of motor cortex excitability in writer's cramp (Ikoma et al., 1995) we postulate that the decreased activation we observe rostral SMA and dorsal prefronal cortex (only before botulinum toxin), was confirmed. Since overactivity of DPFC represents a primary loss of interneuron inhibition of efferent and rostral SMA was not evident after botulinum toxin at neurons which is thought to lead to a reduction in spindle afferent activity (Kaji et al., 1995) . In masseter muscles of omnibus P Ͻ 0.01, it could be argued that this prefrontal overactivity is a secondary rather than a primary phenomenon. the rat it has been shown that botulinum toxin consistently reduces the spindle afferent discharges (Filippi et al., 1993) . As the motor effort required in our writing task is far greater than that for joystick movements, our findings make it Similar parietal overactivity was found in another PET activation study investigating the central effects of peripheral unlikely that increased effort is the cause of the increased prefrontal activation seen during freely chosen joystick denervation. Kew et al. (1994) studied traumatic upper limb amputees with a PET activation paradigm which involved movements in ITD. This was only seen at a lower threshold and this paradigm did not really test prefrontal functions stereotyped shoulder movements. The traumatic amputees showed abnormal increases in rCBF in the partially such as planning and preparation.
An unexpected finding not seen before in patients with deafferented primary motor cortex and SI cortex as well as in posterior parietal cortex and in the inferior parietal lobule. idiopathic dystonia was the excessive vermal activation in the patients with writer's cramp which fell to control levels It could be argued that therapeutic botulinum toxin for writer's cramp causes temporary denervation and does not after botulinum toxin. Vermal activation correlates with basic parameters of movements such as force (Dettmers et al., have the time to induce the reorganizational changes seen after irreversible limb amputation. However, animal 1995) and so increased vermal activation in dystonia would be consistent with the clinically apparent increased pressure experiments have shown that cortical reorganization occurs within hours in rats after motor nerve lesions (Donoghue many patients with writer's cramp display when writing. The fact that the vermal overactivity subsides after botulinumet al., 1990) . With transcranial magnetic stimulation rapid changes have also been demonstrated in humans with toxin treatment suggests that it is an epiphenomenon. However, our field of view did not include the whole of the reversible enlargement of the amplitude of motor evoked potentials in the biceps after ischaemic anaesthetic block of cerebellum and therefore our speculations about vermal overactivity have to be cautious.
the forearm (Brasil-Neto et al., 1993) . The mechanism of the increased cortical excitability after peripheral denervation is still not understood. One possibility is that a loss of frontal GABA transmission occurs. Reduced cortical GABA, and
Botulinum-toxin-induced changes in cortical
reduced activity of its synthesizing enzyme glutamate decarboxylase, has been reported after deafferentation of
activation patterns
The therapeutic effects of botulinum toxin in dystonia cannot visual cortex in adult monkeys (Hendry and Jones, 1986) and local infusion of GABA antagonists, such as bicuculline, be solely explained in terms of producing weakness of the overactive muscles. Distant effects of botulinum-toxin leads to cortical reorganization (Jacobs and Donoghue, 1991) .
Comparing the activation effects after botulinum-toxin injections are often observed, such as the improvement of oromandibular dystonia of Meige's syndrome after isolated treatment with the same group of patients before the injections we found enhanced activation in premotor areas, especially periorbital injections to treat blepharospasm (Elston, 1987; Ceballos-Baumann et al., 1990) . 'Diffusion' of the toxin to in caudal SMA. Caudal premotor accessory areas all have direct corticospinal projections (Dum and Strick, 1991) and lower parts of the face may occur but there is no observable weakness of the oromandibular musculature, whereas could be directly affected by botulinum toxin induced disconnection from anterior horn cells. We presume, however, weakness can be readily detected in the injected orbicularis oculi muscles. Gelb et al. (1991) have suggested that central that the botulinum toxin induced overactivity of premotor areas was secondary to the observed parietal release, as reorganization must take place after botulinum toxin as the pattern of muscle activity changes in patients with cervical parietal areas project directly to premotor cortex (Petrides and Pandya, 1984 ). An alternative explanation for cortical dystonia. It is thus likely that changes in afferent input occur and, if this is the case, there may be a neural substrate in the reorganization of the observed premotor and parietal overactivity after botulinum toxin would be a change in form of reorganization of cortical blood flow.
We found increased activation of premotor areas, primary movement strategy. The motor system may use a variety of different strategies to achieve the same motor output. A sensory cortex, posterior (A7) and inferior parietal cortex (A40) in the botulinum toxin treated group when compared change in strategy could result from weakness induced by botulinum toxin requiring a degree of relearning of with the same group of patients before botulinum toxin. We know that there is a vast reciprocal connectivity between semiautomatic motor tasks such as writing. A remote possibility is that the changes in cortical flow primary sensory cortex and parietal areas 5, 7 and 40 (Pandya and Seltzer, 1982) . The posterior and inferior parietal areas reported here following botulinum toxin are related to the uptake of the light chain of the neurotoxin into the neuroaxis represent secondary sensory association centres and their overactivity could be the result of reorganizational changes (Poulain et al., 1988) . It seems more likely, however, that the changes are a direct consequence of the botulinum toxin in primary sensory areas which project to these higher association centres. These changes may result from the induced disconnection from anterior horn cells, or due to a change in movement strategy after treatment. The former blockade of the neuromuscular junction of the γ motor may, in part, be responsible for the symptomatic relief induced by botulinum-toxin treatment.
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